EXTENDED DISTRIBUTION OF ADSL SIGNALS 

This invention relates to an apparatus for distributing ADSL signals to 
customer premises from a central office and to a splitter and interface module for 
use therein. 

BACKGROUND OF THE INVENTION: 

The use of the term ADSL herein is intended to include other forms of 
DSL signals which are available to one skilled in the art including HDSL, SDSL and 
VHDSL signals. Also the various forms of ADSL signals can be used such as DMT, 
QAM or CAP analog format. 

The following US patent references have been noted in a search: 

US 5,303,229 (Withers et al.) issued 12 April 1994 entitled Optical 

Network Unit. 

US 5,408,260 (Arnon) issued 18 April 1995 entitled Customer 
premises ADSL signal distribution arrangement. 

US 5,767,895 (Yashiro and Sasada) issued 16 June 1998 entitled 
CATV Telephone System. 

US 4,891,694 (Way) issued 02 January 1990 entitled Fiber optic cable 
television distribution system. 

US 5,917,624 (Wagner) issued 29 June 1999 entitled Method and 
system for applying fiber to the curb architecture using a broadband gateway at 
service locations, including homes. 



US 5,940,738 (Rao) issued 17 August 1999 entitled Video pedestal 

network. 

With the widespread utilization of the Internet, it has been recognized 
that there is a demand for various forms of information to be communicated to and 
from customer premises such as residences. This information includes, in particular 
telephone service, security and metering services, Internet access and digital video- 
on-demand services. Internet access and specifically video-on-demand require very 
high data rates. 

Optical fiber networks have the capability of meeting this demand, but 
do not generally extend to residential customer premises. Telephone subscriber 
lines extend to residential customer premises but have insufficient bandwidth to 
carry video signals until the recent development of digital video and DSL (digital 
subscriber line) technology. 

Two technologies, namely cable TV modems, and ADSL (asymmetric 
digital subscriber line) systems, have been developed for delivering Internet sen/ices 
and bi-directional communications services to customer premises. Both 
technologies make use of existing wiring to the subscriber location and existing 
wiring within the customer premises and require, at most, minimal rewiring. Both 
technologies continue to support existing customer equipment and services. 

ADSL typically provides a high data rate channel for transmission in a 
downstream direction from a telephone CO (central office) to a subscriber, a 
somewhat lower data rate channel for upstream transmission in addition to POTS 
(plain old telephone service), via a two-wire telephone subscriber line. Thus this 



technology can simultaneously communicate Internet data at as well as telephone 
signals bi-directionally, over a single telephone subscriber line which is referred to 
as an ADSL loop. ADSL technology, for example the type using multi-carrier 
modulation, makes it possible to send data at bit rates in excess of 6 Mb/s 
downstream on telephone subscriber lines. 

The principles of multi-carrier modulation are described for example in 
"Multi-carrier Modulation For Data Transmission: An Idea Whose Time Has Come" 
by John A. C. Bingham, IEEE Communications Magazine, Vol. 28, No. 5, pages 
5-14, May 1990. 

A significant problem in the widespread adoption of ADSL technology 
is the limited range of transmission. Practical limitations are 4 km from the CO for 
1 .5 Mb/s service and 2 km from the CO for 6 MB/s service. The telephone operating 
companies are unable to offer ADSL to many of their customers since the serving 
radius of each central office exchange is typically up to 5.5 km. 

One solution to this problem is to shorten the ADSL loop by providing 
remote extensions to the telephone central office known as remote line units or RAM 
(remote access modules). Within these units, is provided a DSLAM (digital 
subscriber access multiplexer) that includes the ADSL modem that is normally 
located at the CO. The DSLAM digitally multiplexes the data from several ADSL 
loops and provides and interface to a high-speed digital channel connecting to the 
CO and typically implemented with SONET transmission on optical fiber. 

Unfortunately, the RAM contains relatively bulky equipment that 
requires power and environmental control. The required enclosure is costly since it 
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must be sized for future service growth and this cost is excessive when the RAM 
serves only a small number of ADSL customers. Furthermore, the extension of CO 
equipment into remote access modules requires the deployment of highly skilled 
service personnel who were previously required only in the CO. 
SUMMARY OF THE INVENTION: 

It is an object of this invention, therefore, is to provide a more 
advantageous arrangement for distributing ADSL signals to and from customer 
premises and to extend the distribution area of ADSL signals. 

It has been observed that telephone subscriber loop installations make 



Lt 10 use of passive field cabinets for the purpose of patch connections between 

ru 

=p distribution cables that connect to residential or business units and trunk cables that 

In connect to the CO. A representative field cabinet provides patch connections for 

q approximately 450 residential and business units. 

H This invention utilizes well-established analog transmission equipment 

n 

□ 15 to transport ADSL signals from the field cabinet to the CO. For extended distribution 
of ADSL signals, this eliminates the requirement to place DSLAM equipment in 
modules that are remote from the CO. 

According to a first aspect of the invention therefore there is provided 
an apparatus for distributing ADSL signals to customer premises from a central 
20 office, comprising: 

a central office having a POTS switching system and ADSL terminals 
that connect to a data network; 
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a plurality of customer locations at least some of which have at least 
one voice frequency POTS terminal and at least one ADSL terminal; 

a field cabinet associated with the plurality of customers; 
a plurality of individual metallic telephone lines each extending from a 
5 respective one of the customers to the field cabinet; 

a trunk cable containing a large number of metallic telephone lines and 
extending from the field cabinet to the central office; 

the field cabinet including a plurality of connections for connecting the 
3 individual telephone lines to the trunk cable for connection of signals between the 

H" 10 customer locations and the central office; 

m 

=F the individual metallic telephone lines each being arranged to transmit 

both voice frequency POTS signals and ADSL signals between the respective 

il customer location and the field cabinet; 

ft 

a bi-directional link separate from, the trunk cable for the broadband 

M 

□ 15 transmission of analog signals in pre-selected frequency bands between the central 
office and the field cabinet; 

a splitter and interface module at the field cabinet having: 
a plurality of signal splitting coupler units each associated with a 
respective one of the individual telephone lines and each arranged to separate the 
20 ADSL signals and the voice frequency POTS signals from the respective telephone 
line; 
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a plurality of connectors each arranged to connect the separated voice 
frequency POTS signals between the respective individual telephone line and the 
trunk cable; 

a plurality of interface and frequency translation units each associated 
with a respective one of the coupler units for receiving the separated ADSL signals 
from the coupler unit and for communicating the bi-directional ADSL signals on the 
bi-directional link between the central office and the respective individual telephone 
line in a pre-selected one or more of the frequency bands that are associated with 
the respective individual telephone line; and 

a plurality of frequency translation and interface units at the telephone 
central office each of which is associated with the pre-selected band or bands on the 
bi-directional link associated with a respective individual telephone line and each of 
which provides an interface between the respective ADSL signals on the bi- 
directional link and the ADSL terminal of the central office. 

Preferably the signal splitting coupler includes a filter that couples to 
the connectors substantially only voice frequency signals in the frequency band 
below 4 kHz and couples to the interface and frequency translation units 
substantially only signals in the frequency range above 20 kHz. However other 
schemes which avoid the use of a filter are also possible. 

Preferably the bi-directional link includes a fiber optic link between the 
field cabinet and the central office, an optical transceiver at the field cabinet and a 
second optical transceiver at the central office. However the link can also be 
provided by other known transmission systems which avoid the degradation of the 
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signals including coaxial cable, wireless and microwave systems. The link is a 
dedicated link unrelated to any local communication systems for cable TV or the 
like.. The bi-directional link is normally provided by two unidirectional links In the 
case of fiber optic transmission, the bi-directional communication on the same fiber 
5 can be effected by use of two different optical wavelengths. In the case of co-axial 
cable or CATV transmission, the bi-directional communication on the same cable 
can be effected by use of two different frequency bands. 

Preferably the link includes two unidirectional fiber optic links and 
^ wherein the interface and frequency translation units each contain a directional 

w 10 hybrid coupler to interface the bi-directional metallic telephone line to the two 
s g unidirectional fiber optic links. 

jj ri 

Preferably the fiber optic link includes a fiber optic cable and a metallic 

i 5 

M conductor pair for supplying power from the central office to the interface and 

Q 

]^ frequency translation units. However other techniques for supplying power can be 

L 5 

est. 

u 15 used including, but not preferably, supply from a local power utility source. 

Preferably the frequency translators are arranged such that the 
frequency bands are each located within a respective 6 MHz frequency band 
communicated on the bi-directional link. 

Preferably each frequency translator from the ADSL signals to the 
20 frequency band includes a CATV modulator arranged to locate the respective ADSL 
signals within a respective video channel frequency band which is then 
communicated on the bi-directional link. Such modulators are used because they 
are readily commercially available but other schemes can also be used. 
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Preferably each frequency translator includes a first translator element 
arranged to translate to an intermediate frequency by double side band transmitted 
carrier amplitude modulation (AM-DSB-TC) of a radio frequency carrier at the 
intermediate frequency and wherein the CATV modulator is arranged to translate 
5 from the intermediate frequency to the respective video channel frequency band. 

Preferably the first translator element is arranged to effect direct 
translation from the ADSL signals to the pre-selected frequency band by AM-DSB- 
TC modulation of a radio frequency carrier. 

Preferably each frequency translator includes a first tuner element 
10 arranged to translate from the pre-selected frequency band to the intermediate 
% frequency band and the tuner to be followed by envelope detection of the AM-DSB- 

; u TC signal so as to translate the signal from the intermediate frequency band to the 

sj ADSL signal band on the metallic telephone line. 

In an alternative arrangement, the bi-directional link includes a coaxial 
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n 

E3 15 cable link. 

In this case, the means in each frequency translator communicating 
the bi-directional ADSL signals via the coaxial cable comprises at least one 
transmitter and at least one receiver arranged to transmit and receive the bi- 
directional signals at respective frequencies. 
20 In this case, the frequency translator at the telephone central office is 

tuned to transmit signals at a respective frequency in a first frequency band for a 
downstream transmission direction on the coaxial cable, and the said frequency 
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translator at field cabinet is tuned to transmit signals at a respective frequency in a 
second frequency band for an upstream transmission direction on the coaxial cable. 

According to a second aspect of the invention there is provided a 
splitter and interface module for use in the above apparatus, the splitter and 
5 interface module at the field cabinet comprising: 

a mounting assembly for mounting on the field cabinet; 

a plurality of terminal blocks for connection to the individual telephone 

lines; 

v3 a plurality of signal splitting coupler units each connected to respective 

in 

10 connections of the terminal blocks for associated with a respective one of the 

% individual telephone lines and each coupler unit to separate the ADSL signals from 

= ?- 

r the respective individual metallic telephone line; 

C3 

sj a plurality of interface and frequency translation units each connected 

S! to a respective one of the coupler units for receiving the separated ADSL signals 

? 3 15 from the coupler unit and for translating the bi-directional ADSL signals to and from a 
pre-selected one or more of the frequency bands; 

and a connector for communicating the ADSL signals in the pre- 
selected frequency band on the bi-directional link. 
BRIEF DESCRIPTION OF THE DRAWINGS 
20 One embodiment of the invention will now be described in conjunction 

with the accompanying drawings in which: 

Figure 1 is a schematic illustration of a distribution system for POTS 
and ADSL signals according to the present invention 
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Figure 2 is a schematic illustration of the field cabinet of Figure 1 
including the splitter and interface module mounted therein 

Figure 3 is a schematic illustration of the additional components at the 

central office. 

In the drawings like characters of reference indicate corresponding 
parts in the different figures. 
DETAILED DESCRIPTION 

One example of the distribution network is shown in Figure 1 in which 
there is provided a plurality of customer locations indicated at 10, 1 1 and 12. Some 
of the customer locations will be of the arrangement shown at 10 wherein an 
individual metallic telephone line 13A within the distribution cable 13 of the 
telephone system to the customer location is fed into a splitter 14 which acts to 
separate the voice frequency POTS signals for supply to a POTS terminal 15 from 
the ADSL signals to an ADSL modem 16. Thus the customer's concern may have 
one or more conventional POTS terminals and one or more ADSL modems for 
communication along the common distribution cable 13. Some of the customer 
locations simply require the POPS connection and therefore do not include an ADSL 
modem or the splitter. 

The distribution system further includes a field cabinet 17 which 
conventionally comprises a first portion 17A which simply is a passive construction 
including terminal connectors 18 an 19 by which the distribution cables 13 are 
connected to a terminal block 18 and a trunk cable 20 is connected to a second 
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terminal block 19 with jumpers connected to the two terminal blocks to provide the 
required connections from a trunk cable to the individual subscriber locations. 

In the present invention the field cabinet is supplemented by an 
additional housing 21 which contains a splitter and interface module 22. This 
5 module is provided for the use of the ADSL customers and is used to separate the 
signals of those ADSL customers into the separate module from which the POTS 
signals are separated from the ADSL signals for communication of the POTS signals 
along the conventional trunk cable 20 while ADSL signals are transmitted through an 

S additional bi-directional link 23. Both the bi-directional link 23 and the trunk cable 20 

ill 

M- 10 communicate with the central office 25 as separate communication links so that the 

ru 

=P POTS signals on the trunk cable 20 are communicated to a POTS switching system 

y? 26 and the ADSL signals on the link 23 are communicated through an interface 

rj module 27 to an ADSL modem 28 connecting to a network 29. 

M 

Vj Turning now to Figure 2, the field cabinet 17 is shown in more detail 

0 . . 

C3 15 and includes the terminal blocks 18 and 19 within the conventional housing section 
17A with some connections 30 extending directly between the blocks 18 and 19 for 
customers who do not require ADSL services. 

On top of or at one side of the conventional field cabinet 1 7 is provided 
an additional housing 17B. This contains the module 22, the structure of which is 
20 shown in Figure 2 and includes two terminal blocks 32 and 33 by which jumpers 34 
and 35 can be connected to the blocks 18 and 19 respectively. Thus the signals 
containing both the POTS and ADSL signals to and from the distribution cables 13 
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for the ADSL customers are connected to the terminal block 32 separately for each 
of the individual customers along a separate jumper connection 34. 

For each customer, the module contains a separate splitter and 
interface module component 36A, 36B, 36C et seq. Each of the components 36A, 
5 36B, 36C contains for each customer the same functions so that only one of the 
interface components 36A is shown in detail. This includes a high pass/low pass 
filter 37 which is arranged to separate the POTS signals from the ADSL signals. 
Examples of splitters of this type are shown in United States patent 5,528,630 and 
i~ 5,627,501 and are well known to one skilled in the art. The details of the above 

s i 

fu 10 patents are therefore incorporated herein by reference as examples of splitters 
=C which can be used for the splitter arrangement 37. 

in 

■ The POTS signals from the low pass filter component are 

Q 

]j communicated through a connection 38 to the terminal block 33 and then are 

s i 

•par 

fi supplied through a respective of one jumpers 35 to the respective location on the 

15 terminal block 19 thus reconnecting the POTS signals in the same connection that 
they would normally take from the respective distribution cable 13 to the respective 
location on the trunk cable 20. 

The ADSL signals from the splitter 37 are supplied through a connector 
39 to a hybrid coupler 40. Again the coupler 40 which acts as two/four wire coupler 
20 is of a conventional nature widely used in this industry and acts to separate the 
signals on the two wire connection 39 into a four wire connection provided by a first 
connection 41 and a second connection 49 for upstream and downstream signals 
respectively. Thus the signals from the customer location are communicated on the 
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line 41 to a frequency translator for communication on the link 23. In the 
embodiment shown the frequency translator comprises a first component 42 and a 
second component 43 which combine to translate the ADSL signals into a respective 
one of the plurality of video channel frequency bands which are available on the link 
23. Thus each customer is allocated a specific one of the interface components 36A 
so that the signals from that customer are communicated only to that component 
and the customer is also allocated a specific frequency band within the available 
frequency spectrum. For convenience the frequency bands are selected to be the 
same as conventional CATV bands which provides a bandwidth of 6 MHz. ADSL 
signals use a portion of this bandwidth in the range 20 kHz to 1.1 MHz. However the 
bandwidth may be greater or smaller depending upon requirements and in some 
case for example in Europe the CATV bandwidth is conventionally 7 to 8 MHz and 
yet in other cases the band width may be significantly greater to provide enhanced 
signal communication capability and up to 20 MHz may be required in such 
circumstances. 

In order to make use of commercially available equipment, the 
frequency translation is effected into two steps using the separate components 42 
and 43. Thus the first component 42 converts the signals by a double side band 
transmitted carrier modulation of a radio frequency carrier at an intermediate 
frequency which selected to be 45.75 MHz. Thus preferably the signal translation is 
effected by AM-DSB-TC modulation of the radio frequency carrier. This modulation 
technique is again well known to one skilled in the art and suitable components are 
available commercially. 
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The second component 43 is a conventional commercially available 
CATV modulator which translates from the intermediate frequency up to the selected 
band for that particular customer. Such devices are well known to one skilled in the 
art and are readily commercially available for use in commercial equipment for 
5 CATV communications. 

The frequency translated ADSL signals from the individual customer 
components are communicated to a summing point 44 again of a conventional 
nature. These signals are then transmitted on the link 23. 

In the embodiment shown, the link is a fiber optic cable including two 
10 unidirectional cable elements so that the signals from the summing point 44 are 
transmitted to an optical transmitter 45 for transmission along the cable portion 23A 
to the central station. 

S s In a directly symmetrical manner, the cable portion 23B communicates 

signals optically from the central station to the module 22 and particularly to an 



15 optical receiver 46 of the module. The optical signals are transmitted to the 
components of the individual customers where the signals from the particular band 
allocated to that customer are frequency translated back down from the band to 
provide the ADSL signals for supply to the line 49 to the coupler 40. Thus again the 
translation is effected in two separate components indicated at 47 and 48 which 

20 operate symmetrically to the components 42 and 43 as previously described. The 
signals from the coupler 40 thus are bi-directionally communicated through the 
connector 39 and back through the splitter 37 to the customer location through the 
respective distribution cable 13. 
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The use of the bi-directional link allows the ADSL signals separated 
from the POTS signals to be transmitted without appreciable limitation on distance of 
transmission through the link which is dedicated to the connection between the 
central station and the particular field cabinet with which the customer's identified 
5 are associated. 

The module 22 receives power through the fiber optic cable of the link 
23 via metallic conductors 23C and 23D which connect to the ground line 50 and to 
a power line 51 respectively. The ground and power are thus provided to the 
module and to each of the individual components associated with the respective 
10 customers. 

Turning now to Figure 3, at the central station is provided a 
symmetrical arrangement to the module 22 at the field cabinet. Thus there is 
provided a power supply 55 for communication of the power and ground to the field 
cabinet over the metallic conductors 23C and 23D of the link 23. The signals on the 

: a 

■=»■ 

C3 15 unidirectional link 23A are received by an optical receiver 56 and are supplied to a 
plurality of down converter components 57 each associated with a respective one of 
the frequency bands and each arranged to converter the frequencies from that band 
to provide the ADSL signals associated with the respective customer. Again the 
down conversion is effected in two steps by components 57 and 58 symmetrical to 
20 the components 42 and 43 previously described. The ADSL signals of the 
respective customer are therefore communicated to a respective ADSL modem 60 
and through that modem to the data network 62. Similarly return signals from the 
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data network 62 are received by the ADSL modem and communicated through 

frequency translation components 63 and 64 to the optical transmitter 66. 

Thus each of the components set forth above in the module at the field 

cabinet and in the module at the central station are commercially available 

5 components connected and configured to provide the advantages set forth above. 

In an arrangement in which the optical fiber connection is replaced by 

a conventional co-axial cable, a single co-axial cable can be used for 

communications in both directions and in this case each customer will be allocated a 

first frequency band for communications in one direction and a second frequency 

10 band for communications in the opposite direction. 

An advantage of the invention is that no specific signal format is 

required for transmission of DSL signals and that future DSL signal formats can be 

accommodated by the proposed structure. 

SI A further advantage of the invention is that a variety of DSL signals can 

O 

□ 15 be accommodated at a specific field cabinet. Furthermore, equipment at the CO for 
a specific type of DSL transmission can service a number of customers that are 
associated with a diverse variety of field cabinets. 

It is required that the signal coupler unit within the field cabinet splitter 
and interface module does not interrupt "lifeline" POTS service in the event of power 
20 failure or equipment failure. 

Although it goes against present practice for ADSL installation, it is 
also possible to tap into the telephone line at the filed cabinet without breaking the 
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existing patch wire. The metallic telephone line would thus not be routed through 
the signal splitting coupler (or filter) in the splitter/interface module. 

Since various modifications can be made in my invention as herein 
above described, and many apparently widely different embodiments of same made 
within the spirit and scope of the claims without departing from such spirit and 
scope, it is intended that all matter contained in the accompanying specification shall 
be interpreted as illustrative only and not in a limiting sense. 



